The phytotoxic activity of pretilachlor [2-chloro-
Introduction
Pretilachlor [2-chloro-2', 6'-diethyl-N-(2 -propoxyethyl) acetanilide] is a selective herbicide in transplanted rice in paddy fields its selectivity is dependent mainly on "placement selectivity" resulting from its limited existence in the soil surf ace3,4) and partially on the different detoxification activity between rice and weeds8,9). Acetanilide herbicides, the category to which pretilachlor belongs, have been used widely to control selectively a wide spectrum of paddy weeds3,4,6) However, some of them, including pretilachlor were reportedly occasionally inhibitory to the growth of transplanted rice in paddy fields of lower bulk density with slower sedimentation velocity, such as Utsunomiya paddy soil12, 13) .
It is generally accepted that the performance of acetanilide herbicides in soil is influenced by soil characteristic. Our previous reports1,2,6,7) have shown that the phytotoxic activity of thenylchlor [2- chloro-N-(3-methoxy-2-thienyl) methyl-2', 6'-dimethylacetanilide] and mefenacet [2-(benzothiazol-2-yloxy)-N-methylacetanilide] in paddy soil, both of which belong to this class of herbicides, is substantially induced by or Yawara soil at maximum water capacity was put into a plastic pot (9. 0cm in diameter and 9.5cm heigh). To the soil was applied 50ml of aqueous pretilachlor solution containing 1% acetone at various concentrations, corresponding to the dosages at 300, 600 or 9008/ha, under flooding condition and this was then vigorously stirred in the pot. The mixed soil was allowed to stand for 1 day to attain equilibrium (data not shown), and the flooded water removed, then rice seedlings at the 3-leaf stage were transplanted at 2cm depth in the pot ; seedling roots were below the planting depth. The pots were placed in the growth chamber without flooded water to avoid the effects of any pretilachlor present in the water. The fresh weight was measured 7 days after transplanting. The soil-mix application was set up to determine the relationship between the phytotoxic activity and behavior of pretilachlor in soil which was mixed uniformly with the herbicide without formation of herbicidetreated layer under a no water leakage condition. In soil surface application, the soil at maximum water capacity was puddled in a pot (11.3cm in diameter and 14. 6cm in height) which maintained flooded water at about lcm deep, and the pot was allowed to stand for 1 day in the growth chamber. Rice seedlings were transplanted at 2cm depth in the pot and then the pots were again placed in the growth chamber. After 2 days of culture, an aqueous pretilachlor solution containing 1% acetone at various designated concentrations was applied into the flooded water, the depth of which was about 2.5cm. Water leaked from the bottom of the pots at the rate of 1.5cm/ day every day and the same volume water was the added. The fresh weight of rice seedlings was measured 7 days after the application of pretilachlor. The experiments were carried out with three replications.
Determination of pretilachlor in soil
Determination of pretilachlor in soil water and soil solid phase was conducted according to the method of Kobayashi et al.2) with minor modification. In the soil-mix application, moist Utsunomiya or Yawara soil was mixed with the pretilachlor solution at a dosage of 6008/ha in the manner described in the bioassay, and placed in the growth chamber. In the soil-surf ace application, the soil was put into a column composed of 10 pieces of a plastic ring (lcm in height and 10cm in diameter), added with water, puddled and kept for 3 days in the growth chamber.
Pretilachlor solution was applied to the pot at a dosage of 6008/ha, and kept in the growth chamber with water leakage of 1.5cm/day as described in the bioassay. The upper 6cm of soil in the column was separated into lcm segments7) 1, 3 and 5 days after the herbicide application.
Each layer was centrifuged in double tubes at 13, 000 x g to separate the soil water collected in the outer tube and the soil remaining in the inner tuber (hereafter termed centrifuged-soil). The water content remaining in centrifuged-soil was 34.7% for Utsunomiya soil and 20.6% for Yawara soil. The amount of pretilachlor in soil water and soil solid phase of soil in the soil-mix application was determined using the soil prepared as for the soil-surface application method described above. Shimadzu UV spectrometric detector operating at 210 nm and a chromatocorder. The mobile phase (1.2 ml/min) was composed of methanol and water (65 35, v/v). The detectable limit of pretilachlor was 3x10-9M, and the recoveries from the centrifuged-soil and the soil water in both soils were over 90%, respectively. The amount of pretilachlor adsorbed on soil solid in the centrifuged soil was caluculated as follows S=(Qext-Qcent)/X where S is the amount (nmol/g soil solid), Qext is the amount (nmol) in centrifuged-soil, Qcent is the amount (nmol) in water remaining in the centrifuged-soil, and X is the dry weight of soil (g); the concentration in water in the centrifuged-soil was regarded as the same in the soil water in the outer tube2). The experiment was repeated two times.
Results and Discussion
By soil-mix application, pretilachlor suppressed the root growth of rice to a greater extent than the shoot growth in both Utsunomiya and Yawara soils ; the suppressive activity on shoot growth tended to be more remarkable in Yawara soil than in Utsu nomiya soil while the suppression on root growth in the two soils was similar (Fig. 1) . The amount of pretilachlor adsorbed on soil solid phase was lower in Yawara soil than in Utsunomiya soil, whereas the concentration in soil water was higher in the former than in the latter, being especially remarkable 1 and 3 days after application (Fig. 2) . The time- tant to note that no herbicide-treated layer could be found in the top layer of soil in the soil-mix application, suggesting that the plant parts in the soil come into contact with pretilachlor to a similar extent in any layer. On the contrary, the phytotoxic activity of pretilachlor by soil-surface application was lower in Yawara soil than in Utsunomiya soil, and the growth of root was suppressed more remarkably than the growth of shoot in both soils, similar to the soil-mix application (Fig. 3) . The downward mobility of pretilachlor in both soils is shown in Fig. 4 . Pretilachlor concentration in flooded water was higher than that in soil water in all layers of both soils and decreased with time, although the concentration was much higher in Yawara soil than in Utsunomiya soil over the period examined. In Yawara soil, pretilachlor was found remarkable in the soil water and soil solid phase in the top layer 1 day after application but little in other layers on any given day with the exception of a slight amount in soil solid phase in the 1-2cm layer 5 days after application. In Utsunomiya soil, pretilachlor in the soil water and soil solid phase was highest in the top layer, regardless of the time determined, but a considerable amount of the herbicide was found in both soil solid phase and soil water in all of the soil layers on all days after the application. Although the concentration of pretilachlor in soil wate was lower in the deeper soil layers, a considerable amount was found in the layers below the rice transplanting depth in Utsunomiya soil, similar to that in soil-mix application; this was not true in Yawara soil, however. The results suggested that the herbicidetreated layer was formed clearly at the 0-1cm layer in Yawara soil but poorly in Utsunomiya soil, resulting in a concentration which inhibited the growth of rice. Murakami3)4) reported that phytotoxic activity of pretilachlor on transplanted rice was primarily induced by its contact with the shoot basal parts and the roots but not with the foliage. This suggested that, in the soil-surface application, the slight phytotoxic activity on transplanted rice in Yawara soil was due to its scarce contact with the shoot basal part and root existing below the herbicide-treated layer formed at the top ; in contrast, rice growth in Utsunomiya soil was suppressed by contact with the herbicide in the soil below the transplantation depth. It was reported that the phytotoxic activity on transplanted rice of pretilachlor8), butachlor [N-(butoxymethyl)-2-chloro-2', 6'-diethylacetanilide] 8) and mefenacet9) in soil was induced by the concentration of water-soluble ingredients in the soil. Recently, it was Consequently, a tentative conclusion might be that pretilachlor application into flooded 
